Context: Although bone is a common site for tumor metastases, the burden of bone events [bone metastases and skeletal-related events (SREs)] in patients with thyroid cancer is not well known.
I n the last decade the incidence of thyroid cancer has steadily risen by 4.5% each year (1, 2) . It is estimated that by 2019, thyroid cancer will surpass colorectal cancer to become the third most common cancer in women (1, 2) . In the United States,~95% of patients with thyroid cancer were diagnosed with localized or regional disease, but~5% presented with distant disease (2) . Despite the excellent prognosis of patients with localized/regional disease (5-year survival rate, 99%), survival dropped remarkably in the presence of distant metastases (2, 3) .
Bone is the second most common site for thyroid cancer metastases (4) . Bone provides a congenial environment for tumor cell proliferation and usually portends a poor prognosis (5, 6) . Bone metastases also result in high morbidity because of the occurrence of skeletal-related events (SREs). SREs include pathologic fractures, spinal cord compression, need for bone irradiation, or bone surgery. Although comprehensive studies on bone metastases and SREs in other cancers exist, very little is known about bone metastases and SREs in thyroid cancer (7) (8) (9) (10) (11) .
Because comprehensive data on the occurrence and implications of bone metastases and SREs are lacking, we performed a large population-based study of all patients with thyroid cancer diagnosed between 1991 and 2011 using the Surveillance Epidemiology and End Results (SEER)-Medicare database. In addition to identifying factors that increase the risk of bone events, we examined their impact on overall and disease-specific mortality. We hypothesized that the presence of bone events would be an independent predictor of poor outcome.
Methods

Data source and patient population
The SEER database is a program of the National Cancer Institute and provides data on clinical, demographic, and cause of death information for patients diagnosed with cancer. SEER data cover~28% of the US population (2) . As of 2011, Medicare covers 93% of the US population age .65 years and provides data on covered health services, including diagnosis and treatment. The SEER-Medicare dataset linked these two large population-based sources of data in 1991, therefore providing detailed information about Medicare beneficiaries with cancer.
Data from patients diagnosed with thyroid cancer between January 1, 1991, and December 31, 2011, were extracted from the SEER-Medicare database. All patients with thyroid cancer were included in the study. Data were censored at death or at last follow-up. The study was exempt from institutional review board approval because it used publicly available data that could not be tracked to human subjects.
Measures
Using the International Classification of Diseases (ICD-9) and Current Procedure Terminology (CPT-4) codes, we identified 35,734 patients with thyroid cancer diagnosed between 1991 and 2011. Patients with other cancers known to commonly involve bone, such as breast, prostate, lymphoma, and multiple myeloma (n = 5671) were excluded from the analyses. After excluding these other cancers, our cohort comprised of 30,063 patients. Patients were stratified into three age groups: #50, 51 to 65, and .65 years. Patient's race was categorized by the SEER database as white, black, Hispanic, Asian, North American Native, or other. Asian, Hispanics, North American Native, and other were grouped together as other. Measures of socioeconomic status were categorized as follows: household income (,$30,000; $30,000 to $34,999; $35,000 to $45,999, and .$46,000) and percent of population .25 with a high school degree (,14%, 14% to 19.9%, 20% to 28.9%, and .29%). Tumor histology was limited to ICD-9 using codes for papillary (including variants), follicular (including variants), Hürthle cell, medullary, and anaplastic thyroid cancer. Tumor size was categorized as ,1, 1 to 1.9, 2.0 to 4.0, and .4 cm.
Patients were stratified according to their SEER stage at diagnosis: localized disease confined to the primary site, regional disease with spread to regional lymph nodes, and distant disease with evidence of metastatic spread. Missing data on race (n = 218, 0.7%), household income (n = 2721, 9.1%), high school degree (n = 2721, 9.1%) tumor size (n = 3517, 11.7%), and unknown/other stage (n = 770, 2.5%) were excluded from the analyses. The total number of patients after exclusion of missing data was 26,350.
A bone event was defined as the occurrence of either bone metastases or SREs. Using ICD-9 and CPT-4 codes, we identified patients with bone metastases and SREs. SREs were defined as pathologic fractures, spinal cord compression, need for bone radiation, and bone surgery. Claims involving SREs can be identified from these two sets of codes. For details on the ICD-9 and CPT-4 codes used, refer to the Supplemental Data.
Statistical analysis
Descriptive statistics were used to describe the characteristics of the cohort, including frequency and occurrence of bone metastases and SREs. Multivariable logistic regression models were fit to identify factors associated with the occurrence of a bone event (we used separate models for bone metastases and SRE). We used Cox proportional hazard regression to analyze the association between the occurrence of bone events and death. Hazard ratios (HRs) and 95% confidence intervals (CIs) from the Cox model are reported. Mortality rates were stratified by localized/regional disease without bone-related events, distant disease without bone-related events, and distant disease with bone-related events and were considered significant if P , 0.05. Mortality rates among the different subgroups were compared using the log-rank test. Survival was calculated as the time from diagnosis of thyroid cancer to the date of death or until last follow-up, whichever occurred first. Kaplan-Meier survival plots were constructed for disease-specific and overall mortality. All data were analyzed using SAS version 9.3 (SAS Institute).
Results
The median follow-up time for the cohort was 74 months. As shown in Table 1 , the average patient age was 64 years; papillary thyroid cancer was the most common type of thyroid cancer (82.1%), and most patients had localized disease (61.8%). The study population was largely women (71.4%) and white (79.2%). There were 1173 (3.9%) patients who developed bone metastases and 1661 patients (5.5%) that developed an SRE. Bone events (either bone metastases and/or SREs) were identified in 2457 patients (8.2%).
Of the 2457 patients that developed a bone event, 218 (8.9%) had evidence of bone events at the time of diagnosis. Of the 1173 patients who developed bone metastases, 372 (32%) also developed an SRE, with 268 (23%) having a pathologic fracture.
Compared with papillary thyroid cancer, the occurrence of bone events was higher in patients with follicular (15.0%) and medullary thyroid cancer (16.4%) (Fig. 1) . Among the variants of papillary thyroid cancer, 11.9% of tall/columnar cell variant had bone events versus 6.9% of follicular variant, 6.8% of classic, and 6.3% of diffuse sclerosing. Similarly, 22% of insular/trabecular variant developed bone events compared with 6.8% of minimally invasive and 16% of classic variants of follicular thyroid cancer.
In multivariable analysis shown in 61, respectively) . Furthermore, the difference between the rate of occurrence of bone events between follicular and medullary thyroid cancer was not significant (P = 0.83).
Results from the Cox proportional hazards regression (Table 3) demonstrate that older age and male sex are associated with higher mortality. After controlling for histology, age, sex, race, and SEER stage, the presence of a bone event independently correlated with higher risk of overall (HR, 2.14; 95% CI, 1.94 to 2.36) and diseasespecific mortality (HR, 1.59; 95% CI, 1.48 to 1.71) ( Table 3) . Even in patients with distant disease, the occurrence of bone events was associated with higher overall and disease-specific mortality than those who did not develop a bone event (P , 0.001 and P , 0.001, respectively) (Figs. 2 and 3 ). In the presence of bone events, overall and disease-specific mortality was higher in papillary (P , 0.001 and P , 0.001, respectively) and medullary thyroid cancer (P , 0.001 and P , 0.001, respectively). In contrast, bone events were not predictive of either overall or disease-specific mortality in follicular (P = 0.84 and P = 0.31, respectively) and anaplastic thyroid cancer (P = 0.07 and P = 0.18, respectively). Data are shown in the Supplemental Data.
Excluding patients with missing income and education data did not have a substantial effect on the results.
Discussion
In our large, population-based study of bone events in patients with thyroid cancer, we found that the frequency of bone events is higher in follicular and medullary thyroid cancer. Older patients and those with regional/distant disease are at greater risk for bone events. Of clinical importance, bone events were an independent poor prognostic indicator, even when compared with other patients with distant metastases but without bone events.
Although thyroid cancer is predisposed to bone metastases, the existent data are limited to older, retrospective, single institution studies with small cohorts mainly focused on differentiated thyroid cancer (4). Additionally, our study included all types of thyroid cancer variants. We observed that bone metastases occurred in 3.9% (1173) of the patients, and this is similar to previous reports from other studies (range, 3.8% to 12.7%) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Prior studies done largely on differentiated thyroid cancers reported that the rates of bone metastases were higher in follicular thyroid cancer (13, 15, 18, 20, 21) . In our comprehensive cohort, we saw a high occurrence of bone events in both follicular and medullary thyroid cancer. Until recently, data on bone events in medullary thyroid cancer were limited (22) . Xu et al. (23) evaluated the risk of bone metastases and SREs in 188 patients with medullary thyroid cancer from a single institution. In their retrospective chart review, 19% of patients were confirmed to have bone metastases; of these, 48% developed one or more SRE (23) . In our population-based cohort, we observed a 16.4% occurrence of bone metastases or SREs with medullary thyroid cancer. Moreover, in our study, the difference in the rate of occurrence was not significant between medullary and follicular thyroid cancer. Prior studies were unable to perform between-group comparisons because they were limited by their sample size (16, 24, 25) . Contrary to the findings by Farooki et al. (10) in 2012, wherein they reported 78% occurrence of SREs in differentiated thyroid cancers, we found 32% of patients with bone metastases developed an SRE. The difference in the rates is most likely explained by a higher percentage of patients with follicular thyroid cancer in their study (34%) versus our study (8%) and modalities used for detection of bone metastases (10) . In our study, pathologic fractures were the most frequently noted SREs (23%), which is lower than that reported by Farooki et al. (10) We observed that 8.9% of the patients had evidence of bone events at the time of diagnosis of thyroid cancer, which is lower than reports from other studies (13, 15, 18, 20) . The observed differences are likely caused by the differences in procedure/modalities used to detect bone events in these studies. Because of our large population-based sample, we were able to evaluate the variants of differentiated thyroid cancer. We found that aggressive variants of differentiated thyroid cancer, such as tall/columnar variant of papillary thyroid cancer and insular/trabecular variant of follicular thyroid cancer, have a higher percentage of bone metastases or SREs. Prior to our study, data on SREs in variants of differentiated thyroid cancer were limited. Known prognostic factors, such as age, time of detection of bone metastases, and radioactive iodine avidity, have previously been shown to affect overall survival (3, 26, 27) . Even though bone metastases occur less frequently than pulmonary metastases, the prognosis for those with bone metastases is generally believed to be worse (21, 28) . In the presence of bone metastases, 10-year survival drops to 13% to 53% (15, 19-21, 29) . Similarly, we found that bone events were a strong predictor of overall and disease-specific mortality. This was strikingly observed in patients with distant disease, where overall and diseasespecific mortality were higher in the presence of bone events. Contrary to previous data we found the presence of a bone event is associated with higher overall and diseasespecific mortality in papillary and medullary thyroid cancer but not in follicular thyroid cancer (23, 25) . The strengths of this study are the longitudinal population-based setting, the large sample size, and inclusion of all types of thyroid cancer (including variants of papillary and follicular thyroid cancer). Moreover, we evaluated patients with all stages of thyroid cancer and not only those with distant disease, therefore providing an overall estimate of the risk of skeletal complications. Health care claims are an integral source of information on bone metastases and SREs. The linking of SEER and Medicare provides information across different sources. Similar to studies evaluating SREs in other cancers, we found that the identification of an SRE depends on utilization of diagnosis and procedure codes found on health care claims (30) (31) (32) . These claims have not been validated to identify bone metastases and SREs. There may be services that are not captured on claims, and similarly there may be services not covered by Medicare and therefore not found in the database. Therefore, although it is likely we have missed true cases and the occurrence (cumulative rates) of bone metastases and SREs is underreported, it is also possible that false-positive cases were included in our analysis. Our results are generalizable to the population, although Medicare includes mostly older patients and therefore applicability of these findings in the younger patients may be reduced. In addition, we were unable to evaluate for the number and location of bone metastases and treatment with bisphosphonates, which may potentially have an impact on bone events. Despite these limitations, the findings in our study parallel the results from the other single institution studies.
Bone metastases and SREs are a serious complication in thyroid cancer. Patients with follicular and medullary thyroid cancer have a greater likelihood of developing bone events. The occurrence of a bone event is an independent poor prognostic indicator. Our data are reflective of the population at large, and our findings emphasize the need to appropriately evaluate bone events, especially in high-risk groups. Improved disease-specific survival remains central to cancer research; however, symptom relief and protection against skeletal complications should not be overlooked. Prospective studies evaluating the benefits of denosumab and bisphosphonates in thyroid cancer are needed. It is imperative to focus on the pathogenesis, prevention, and treatment of bone events in these uniquely high-risk patients. Disclosure Summary: The authors have nothing to disclose.
